A description is given of methods and course of hand-rearing a group of roe-deer, Capreolus capreolus (Linnaeus, 1758). The purpose of the study was to obtain a social group of roe-deer which would differ from their wild fellows only in respect of the human element having been incorporated into its com position. In order to achieve the formation of a social bond between keeper and roe-deer it was necessary: (a) to obtain the animals at an early age for rearing, (b) for the keeper actively to participate in operations of a social nature (with the exception of play among fawns). In order to provide complete satisfaction of all the animals' requirements they were allocated 21,34 ha of wooded land with tree stands varying in age. The maximum number of roe-deer in this area was six. The advantages and disadvantages of the methods of dealing with the group of roe-deer are discussed and their suitability for scientific studies assessed.
INTRODUCTION
One of the conditions for defining the role of wild herbivorous animals in the ecosystem is to obtain a good knowledge of their behaviour. The importance of this problem is shown by the extremely large number of publications in this field which appear every year. Studies on behaviour are usually carried out by means of two methods: (1) by observations of wild animals living in freedom and (2) making use of tame animals. The method of observations of wild animals is widely used, particularly in areas with good visibility (steppes, savannah, tundra, hill slopes), in which large herds live or in cases in which the animals are not timid. Observations are made from a vehicle, or while walking, of the behaviour of all animals or selected individuals within the field of vision. The use for such studies of tame animals is particularly suitable in the case of timid species living in small groups, inhabiting densely vegetated areas or those difficult of access. Tests and observations of tame animals are usually carried out in small enclosures in which the animals are dependent on human care. They are less often kept in large enclosed areas which meet all the living requirements of the given species. The intermediate method is periodical release of experimental animals into open areas. The method most rarely used is to set tame, marked animals free.
Despite the general opinion held by some research workers (Bergerund & Nolan, 1970; Nagy, 1974 ) that results obtained using tame animals may be interpolated to wild animals, this opinion cannot be accepted without reservation. For example, the food preferences of the species are not fully revealed if the animals used for the studies are fed on fodder supplied by man, and are only periodically taken out to natural pastures. The same applies to a large number of ways of behaviour which can be put into effect only in given conditiqns natural to the species.
The enormous value of information obtained from animals free of stress caused by fear of man cannot however be questioned, and consequently an attempt was made at hand-rearing a group of roe-deer (Capreolus capreolus Linnaeus, 1758) which would differ from their wild fellows only by reason of the fact that man entered into the social composition of the group.
HAND-REARING ROE-DEER
A total of 7 fawns of both sexes were used for the studies (five in 1976 and two in 1978). The fawns were obtained in the wild state (three males and two females) and from zoological gardens (one female fawn and one male). All were in good health. Two of the male fawns were known to be siblings. The fawns' age at the time they were obtained was from several hours to three days.
The fawns were reared on full cow's milk and powdered milk processed for infants. Five fawns were given cow's milk for the first 3 montis, later replaced by powdered milk, and two fawns were fed on mlk prepared from powder for the whole of the rearing period. The chef difficulty in preparing substitute food for fawns lies in the differences in the composition of cow's milk and the milk of does (Table 1) , considerable discrepancies being encountered on this subject in literature. Raesfeld (1960) and Tschiderer (1973) state that doe's milk contains far smaller amounts of fat than that of cows, and that fawns, particularly during the first few days of life, are affected by the amount of fit. Nevertheless, as Drescher-Kaden & Schulz (1973) consider, diluting cov's milk with water as recommended by some authors is not recommended. If it is assumed that in order to achieve increase in body weight of 100 g/day a fawn must receive approx. 45 g of protein, daily mlk requirements would be about 2 litres of cow's milk diluted with wa'er in parts of 1:1. This amount, particularly during the first months of the fawn's life, is too great. As shown by studies, the composition of the milk of other species of wild ungulates is very variable and depends on the individual, lactation curve and amount of milk produced (Tschiderer, 1973) . It may, however, be concluded that there is usually a high fat content in the milk, far higher than in the milk of domestic cows (cowapprox. 3.5%, but reindeer -19.7%, elk -9%, mouflon -9.9 to 13.6%, red deer -from 9.2 to 19.7% (after Drescher- Kaden & Schulz, 1973) . In view of the foregoing it was decided to use milk substitute The fawns were not given any other nutrients apart from milk, as they had access to natural plant food from the first day of the rearing experiment. The first cropping of plants was recorded about the fifth day of their lives, and at the age of 10-15 days they fed on 14 species of herb layer plants and ligneous plants (Kossak, 1980) , which provided them with the nutrient substances they required. As from the first day of the experiment the fawns were observed to consume sand and soil. This is a normal phenomenon in deer (Bubenik, 1965; Espmark, 1969) , and presumably serves to activate the alimentary tract and to introduce into the organism the appropriate bacteria required for digestion.
For the first 24 days the fawns were fed ad libitum (4 to 9 times per day). As from the 25th day they were fed three times a day, and as from the 148th day twice /daily ( Table 4) . Observations of wild dear show that as from the 2nd-4th week of life fawns feed 9-11 times a day, after which the number of times they suck milk decreases to 3-7 times a day (Bubenik, 1965; Espmark, 1969 ).
Up to the 171st day of rearing the amount of milk supplied each time depended solely on the fawn's appetite, considerable differences occurring in the milk requirements of animals of the same age ( Table 2) . As from the 172nd day of rearing milk supply was limited to 1000 ml per day. As does can be seen suckling their fawns in the wild state in the late autumn and even winter, the fawns were supplied with milk until they exhibited a distinct reduction in the interest they took in this form of food. The total length of the rearing time was from 162 to 194 days, Table 2 Amounts of milk given to fawns during hand-rearing. during which time the fawns consumed from 128 to 184 litres of milk. This quantity is similar to the amounts given by other authors. Tschiderer (1973) states that one fawn under hand-rearing conditions consumes approx 3/4 litre and considers that this amount is similar to the doe's milk production (a tame doe milked 3 times a day over a period of 5 weeks gave 750 ml/24 hours; Hecht & Rieck, 1956, after Bubenik, 1965) . The fawns' development was checked by measuring body weight up to the 30th day of hand-rearing. On account of the stress to which older fawns were exposed during weighing, checks were kept later on by measuring the body height of certain of these animals. Fawns taken for hand-rearing weighed from 0.98 kg to 1.84 kg on the initial day (in a wild state the average weight of a newborn fawn is approx 1.4 kg (Raesfeld, 1960) . The mean increase in weight per 24 hours was 88 g (Raesfeld, 1960 -70 g ). Between the 16th and 20th day the fawns had increased 100% in weight, and between the 26th and 20th day of hand-rearing by a further 100°/o in relation to the initial weight. Body weight was doubled between the 100th and 130th day of life.
Age of fawns in days
The above justifies the conclusion that the individual development of fawns during the hand-rearing period was normal and did not differ from the normal course.
THE LIVING CONDITIONS OF HAND-REARED ROE-DEER
One of the conditions enabling these animals fully to satisfy their psychophysical life requirements is the creation of an appropriate habitat in which they can live, and consequently particular emphasis was placed on correct design and management of rearing enclosures.
The roe^deer spent the first 6 months of their life in an enclosure measuring 0.84 ha, situated in a mixed forest habitat. The enclosure included 0.67 ha of a young tree plantation of varying age and 0.17 ha of fallow ground. The measuremenes of the enclosure for the fawns were determined chiefly by rearing requirements. It was considered that the enclosed area would provide the fawns with a sufficient food supply for a period of 6 months. The fact that the tree plantation varied in age made it possible for the animals to hide in it and the fallow land gave them the opportunity to emerge into an open sunny area, while the relatively small size of the enclosure made work with the animals easier.
After the hand-rearing period the roe-deer were released permanently into an enclosure covering 21.34 ha of wooded land. This enclosure included 4.14 ha of cultivated land, 10.10 of tree plantation and 8.10 ha of an old mixed forest stand.
Under natural conditions the roe-deer's home range, depending on the density of these animals and food conditions, is from 8 to 150 ha, most often from 10 to 20 ha (Bubenik, 1959; Hennig, 1962 a, b; Szczerbinski, 1967; Velentincic, 1975) . It was therefore considered that in the first place the size of the enclosure provided the roe-deer with a suitable food supply over the whole of the year, and in the second place enabled them to "organize" the area, i.e. to establish transit paths, feeding places, resting places etc. In order to eliminate stress due to overcrowding, while preventing the individuals from emigrating, numbers were limited to 6 animals. A group of this size is similar to that encountered under natural conditions in wooded areas (Kurt, 1968a, b) . In order to adapt the area to the animals' requirements 3 drinking places were arranged and 2 fodder containers set up.
FORMATION OF SOCIAL TIE BETWEEN THE ROE-DEER AND THEIR KEEPER
A condition for full acceptance of a human by the group of roe-deer is:
A. Obtaining roe-deer early for hand-rearing. The roe-deer is one of the species which exhibit the phenomenon of imprinting. During the first two days of life the fawns' capacity for distinguishing the mother is slight, and the tie between the mother deer and its young is gradually formed during the first few days after birth. In fawns from 2-4 weeks old this process is completely finished and the animals by then will not accept any changes in the mother (Bubenik, 1965; Kurt, 1968b; Espmark, 1969) . Ihus the first and absolutely essential condition for completely taming roe-deer by their keeper is to begin rearing the fawns when only a few hours to a few days old, regardless of whether they are obtained from wild or tame mothers (Nagy, 1974) .
The age of the fawns at the time they were taken for hand-rearing was from several hours to three days, and thus the phenomenon of imprinting took place completely and normally (Table 3) . Imprinting applies also to formation of a tie between siblings, and thus the maximum period for co-opting fawns to the group was 20 days and was completely successful.
B. Active participation of the keeper in operations of a social character. Among the most important elements in the behaviour of participants in formation of the "maternal families" among roe-deer is care of the young animals. For half an hour after birth the fawn is constantly licked by the mother and exhibits signs of waiting for such care. During the first week of life the young animals are not capable of looking after themselves and the mother carries out all such activities (Espmark, 1969) . It may be concluded that such behaviour is intended not only to keep the fawns clean, but takes place shortly before the fawns drink and is often applied to the anal parts, thus rousing appetence for sucking. At the same time by means of smell they acquaint the young animals with the mother's individual smell (Bubenik, 1965) . During the first month these operations are entirely one-sided -the mother cares :or her young, but during the second month they take on a reciprocal character (Espmark, 1969) .
Bearing the foregoing in mind, one and the same person only looked after the fawns. In order to facilitate formation of the mother-offspr:ng relation with the fawns, food was given from a bottle held in the hand, with simultaneous vocal content. Before and after feeding the animals' anal region was massaged using paper tissue moistened with warm waler. The reaction of the fawns to this operation was immediate excretion of the faeces and urine and increased desire to drink. The fawns exhibited a considerable degree of individuality in the course of the tamng process, nevertheless within about 14 days all of them considered ,he keeper as the mother (Table 3) . By this time the majority of the favns actively participated in contacts strengthening the social tie within .he group and with the keeper (reciprocal smelling, nuzzling and lickng head and neck). On completion of bottle-feeding (at the age of apprax. 6 months) these contacts had become a constant element of the animal's behaviour.
A different type of social behaviour consists in play, which begins to take place during the first month of the fawns' life. Fawns deprived of their siblings play with the mother (Bubenik, 1965 ). Espmark (1969) distinguished 6 types of play: sexual, fighting, chasing, solitary running, jumping and capering, solitary exploring expeditions. Play by fawnsgenerally speaking -forms the preliminary to the aggressive behavioui of adult roe-deer. In order to avoid forming such types of behaviour Table 3 Ontogenesis of imprinting by a human instead of the mother deer in hand-reared fawns.
Number of days spent with Elements of behaviour keeper

1-5
Timidity, inability to suck from a bottle, frequent undirected sound signals, failure to connect the keeper with food.
1-6
Acquiring the ability to suck from a teat, attempts at following the keeper, favourable reaction and anticipation of hygienic care, beginning to connect the keeper with food.
4-6
Running out at sight or sound from a distance of about 6 metres, checking to see if the keeper was present, searching combined with calling signals directed to the keeper.
4-26
Active participation in touch contacts, in case of alarm seeking protection from the keeper, unwillingness to be left alone without the keeper.
5-11
Accompanying the keeper in his walk.
6-14
Distinguishing the keeper from among a group of strangers, absence of fear of strangers.
7-14
Fear of strangers, following after the keeper's voice from a distance of over 50 metres. 12 Calling signals intended solely to communicate with the keeper and the remainder of the group.
towards the keeper the latter took no part in such play. At the end of the first year of life only one of the four adult males reared exhibited considerable aggressiveness towards humans. This increased in subsequent years to a pathological condition, and consequently it was removed from the group during the fourth year of life. Under natural conditions the "maternal families" exhibit a stable social system for 10 months, which next breaks down, leaving the animals only in loose social and spatial contact (Kurt, 1968b ). In the studies described, both the frequent periods, often of many hours, spent with the roe-deer and elimination of the possibility of the animals' emigration from the enclosed area, made it possible to prolong this period to two years. In later years the social tie greatly slackened in the case of roe-deer rearing young and of males during the rutting period. It was possible to renew contact from autumn to spring, but in this case it consisted chiefly in the animals tolerating the presence of the keeper in their immediate vicinity.
In order to document the appurtenance of man to the social group analysis was made of selected elements of the animals' behaviour which were clearly of an interactional character: (1) Contact by touchvoluntary approach by a roe-deer combined with waiting for touch or its initiation. (2) "Following" -the roe-deer got up from a lying position or ran after and accompanied the keeper for a walk over a considerable distance. (3) Escape -running away for a considerable distance from another animal or from the keeper. Data for the analysis were obtained by observations of the animals' behaviour. The observer moved along with the roe-deer and noted on a tape recorder data on the animals' behaviour and the external factors which might have influenced it. One such operation was Usually made in one day. In the case of fawns it lasted for the whole of one period of activity (from rising to lying down to rest) and in the case of adult roe-deer for about one hour. A total of 102 such operations, lasting a total of 91 hours 15 minutes, were made with fawns from 14 days to 6 month old. Roe^deer from 7 to 15 month.old were observed for 91 such operations, with a combined time of 71 hours and 55 minutes. Observations made outside such operations were not included in the analysis, that is, when not documented or in doubtful cases. Contacts which had no clear interactional character (e.g. animals approaching each other while feeding) were considered as doubtful.
As can be seen from Table 4 , fawns more frequently made touch contact with the keeper during the bottle-feeding period, but older r:>e-deer with other deer. The phenomenon of "following" took a different form. Fawns drinking milk preferred to follow another roe-deer than the keeper, while older animals preferred the company of the keeper. The escape reaction appeared in the behaviour of animals about 7 months old and usually was the reaction to the threatening attitude of another animal. As the keeper did not frighten the roe-deer, escape from the keeper expressed the animal's dislike to remaining in his vicinity and was devoid of the element of fear.
In conclusion outstanding proof, even though referring to one case only, of the social tie connecting the roe-deer with their keeper must be given. On 3rd April 1977 during the early morning hours, the unusual behaviour of roe-deer, which were 11 months old at that time, was remarkable: they stood crowded together in the part of the enclosure covered by the old tree stand, and could not be induced to enter the cultivated area. In order to discover the cause of the animals' excitement the keeper began walking right across the cultivated land towards the dense young tree plantation behind it. Halfway over he was alarmed by all the deer barking with a decidedly warning note. It turned out that there was a lynx in the young tree stand, as could be seen from fresh tracks on the remains of snow and still warm faeces. As the roedeer had not withdrawn to the most distant part of the enclosure, it may be concluded that they felt comparatively safe in the old tree stand. The sounds they uttered were thus intended to warn a member of their group of the danger threatening him, to which he was exposed by approaching the young tree stand.
DISCUSSION
The method here described for preparing a group of roe-deer for field studies has both advantages and disadvantages.
Among its greatest advantages are: (1) The results obtained by this means can be interpolated to wild animals. (2) It ensures a fairly good knowledge of the study animals (their origin, age, sex and individual characteristics). (3) The opportunity for a human to remain in the immediate vicinity of these animals greatly increases the extent of the information obtained. This applies particularly to food relations (Kossak, 1980) . By observing all the animals' activities from close up it is possible not only to record which plants or parts of plants are Consumed, but also the accompanying circumstances (order in which food is consumed, feeding place, the activities of the other roe-deer during this time etc.). An additional advantage is the opportunity for taking plant samples for further analysis from those on which the roe-deer feed, and to collect data on food rejected by the animals. (4) By habituating the roe-deer to their keeper, they become less afraid of other humans, of horse-drawn carts, .mechanical vehicles and other manifestations of man's presence. This permits of discovering, when freed from anthropopressure, the daily activity of these animals, together with their preferences for age classes of tree stands and open territory as places for feeding and shelter. During the period when the social tie slackens, the above tolerance does not disappear if the animals are not directly disturbed.
Among the defects of the method affecting the extent of material collected are: (1) Difficulties connected with finding animals living in a large and densely covered area, rendered even greater during the growing season. (2) Difficulty in collecting material in cases of occurrence of territorial behaviour in sexually mature males, and females with young.
The territoriality of bucks, manifested in an aggressive attitude to other members of the group and the keeper, caused (in addition to the considerable difficulties in carrying out observations) disturbances in the animals' behaviour. A tame buck often reacted to the appearance of a human by interrupting the activity in which it was engaged and adopting a group of display and threatening behaviour often ending in attack. Although it was possible, after taking suitable precautions, to carry out observations, the state of emotional excitement of the animal had an adverse effect on the quality of the information obtained. Territoriality in bucks was most clearly manifested from the time the velvet was rubbed off the antlers until the end of the rutting period.
Although the territoriality of a doe with young was not combined v/ith its aggressive attitude to the observer, it greatly hindered, and sometimes made it completely impossible, to carry out observations. The centre of the territory of a doe with young is situated in the place in which the young are present (Kurt, 1968a) . Consequently a tame doe, on seeing a human appear near her young, reacted by apparent feeding, during which it moved away from the place where her young were hidden. This action was repeated each time the keeper appeared in her home range. The territoriality of a doe with young appeared as soon as the young were born and decreased in intensity as the fawns grew up. (3) The necessity for employing reliable personnel, distinguished by a high degree of ability to deal with animals, for this kind of work.
It can be seen from the foregoing that the method described for rearing and conditioning a group of roe-deer is by no means a universal and perfect method, nevertheless the information obtained by its use can greatly increase what we know about wild herbivorous animals.
